INTRODUCTION
to 2014 (USDA NASS, 2015) hay production per cow in Arkansas and the Southeastern United States increased by 136%. Producers have faced increasing costs of hay production with increases in costs of diesel, fertilizer, and equipment. Decreasing stored feed requirements in beef production has, therefore, received attention (White et al., 1989 ), yet it has been estimated that hay is commonly fed for over 130 d/yr in the Southeastern United States (Troxel et al., 2014) . Stockpiling bermudagrass [Cynodon dactylon (L.) Pers.] provides a means to carry over forage from a period of excess forage production in the late summer to a time of forage deficit in the aBSTRaCT: The objective this research was to determine the effect of application of multiple grazing management practices at 2 stocking rates (SR) on the productivity and economics of the cow-calf enterprise in the Southeastern United States over a 4-yr period. Pasture management systems included: continuous grazing management at a moderate SR (0.8 ha/cow; CG) without additional forage management, rotational grazing management at a moderate SR (0.8 ha/ cow (MR) with addition of stockpiled bermudagrass [Cynodon dactylon (L.) Pers.] and complementary cool season annuals, and rotational grazing management similar to MR but with a high SR (0.4 ha/cow; HR). Stockpiling in MR and HR was managed by fertilization of 0.2 ha/cow of bermudagrass in early August with 168 kg ammonium nitrate and deferring grazing until November. Wheat (Triticum aestivum; 112 kg/ha) and annual ryegrass (Lolium multiflorum Lam.; 28 kg/ha) were interseeded (0.2 ha/cow) in HR and MR with a no-till drill in the fall. Cow and calf performance and economics data were analyzed by ANOVA using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) and pregnancy percentage was analyzed using the GLIMMIX procedure of SAS; pasture was the experimental unit and year was the random block. Hay feeding days decreased (P < 0.01) from 107 ± 10.9 d for CG to 37 ± 10.9 d for HR, which was further reduced (P = 0.01) to 15 ± 10.9 d for MR. Pregnancy percentage did not differ (P = 0.20) among treatments. Weaning BW in CG (237 ± 7.3 kg) tended (P = 0.09) to be greater than in MR (227 ± 7.3 kg) and were greater (P < 0.01) than in HR (219 ± 7.3 kg). However, total weaning BW per hectare was 89% greater (P < 0.01) for HR compared with CG and MR, which did not differ (P = 0.31). With rotational stocking, there was the opportunity to harvest excess forage as hay in both MR and HR with a net value of US$52.90/ha ± 25.73 and $15.50/ha ± 25.73, respectively. Net returns per hectare did not differ (P = 0.30) between CG ($429 ± 63.0/ha) and MR ($479 ± 63.0/ ha) but were increased (P < 0.01) by 107% by HR ($1,024 ± 63.0/ha). Using rotational grazing, stockpiled bermudagrass, and complementary cool-season annual grasses can drastically reduce winter feed requirements and simultaneously increase carrying capacity and net return. late fall (Scarbrough et al., 2001; Johnson et al., 2002; Wheeler et al., 2002) . Complementary forage systems based on warm-season perennial grasses and cool-season annual grasses have been shown to reduce hay and feed requirements (Utley and McCormick, 1978; Hill et al., 1985; Gunter et al., 2002) . Rotational grazing has been espoused to offer manifold benefits to production including increased harvest efficiency by grazing livestock, improved persistence of desirable forage plants, and ease of application of additional management practices (Ball et al., 2007) . Troxel et al. (2014) reported grazing days were extended to 316 d by incorporating multiple management practices (rotational grazing, stockpiling bermudagrass and tall fescue [Festuca arundinacea L.] , and inclusion of complementary forages) into a fall calving beef cow-calf herd. There has been little cow-calf production systems research examining multiple grazing management practices on extending the grazing season to minimize stored forage requirements; therefore, the objective of this research was to determine the effect of application of multiple grazing management practices at 2 stocking rates on the productivity and economics of the cow-calf enterprise in the Southeastern United States.
maTeRIalS aND meThODS
All procedures in the following experiments were approved by the University of Arkansas Institutional Animal Care and Use Committee (protocol number14062).
Pasture Management Systems and Research Site
Pasture management systems included: continuous grazing management at a moderate SR (0.8 ha/cow; CG) without additional forage management practices, (such as stockpiling of bermudagrass or interseeding of coolseason annual grasses), rotational grazing management at a moderate SR (0.8 ha/cow; mR) with addition of stockpiled bermudagrass [Cynodon dactylon (L.) Pers.] and complementary cool season annuals, and rotational grazing management similar to MR but with a high SR (0.4 ha/cow; hR). This research was conducted over 4 yr on 4.8-ha warm-season grass-based pastures (n = 9). There were 3 pasture replications for each grazing system, and cows remained on pastures year-round. Cows in CG grazed 3 pastures (4.8 ha) using continuous stocking grazing management without the benefits of other forage management options such as complementary forages or stockpiling. Pastures in the MR (n = 3) and HR (n = 3) pasture management systems were subdivided into 0.8-ha paddocks (6 paddocks/replicate pasture) for rotational grazing management. The MR and HR pastures were also managed such that bermudagrass was stockpiled for use later in the fall and complementary cool-season annual grasses were interseeded into pastures for use during the late winter and early spring.
This research was conducted at the University of Arkansas Southwest Research and Extension Center Cow Calf Unit in southwestern Arkansas (Hope, AR; 33° 40′ 4″ N, 93° 35′ 24″ W, and 107 m elevation). Pastures used in this experiment were Ora fine sandy loam and Sawyer loam, which are characterized as deep, moderately well drained, and gently sloping and which were predicted to produce 17.3 animal-unit months of forage per hectare (Hoelscher and Laurent, 1979) . Warm-season forage species in pastures were dominated by bermudagrass [C. dactylon (L.) Pers.] with some dallisgrass (Paspalum dilatatum Poir.) present in the sward.
Pasture Management
Each pasture received 56 kg/ha N as ammonium nitrate in May to promote growth of warm-season grasses. All pastures were sprayed in late May each year with 1.5 L/ha of 10.2% active ingredient 4-amino-3,5,6-trichloropicolinic acid, triisopropanolamine salt (picloram), and 39.6% active ingredient 2,4-dichlorophenoxyacetic acid, triisopropanolamine salt (Trooper P + D Herbicide; Nufarm Americas Inc., Burr Ridge, IL). Pastures in the MR and HR pasture management systems were subdivided into 0.8-ha paddocks (n = 6/pasture). During the summer, cows assigned to each pasture grazed each paddock for 7 d before rotating to the next paddock in the sequence, allowing for 35 d of rest for each paddock before the next grazing event. Residence time in paddocks was increased in the late summer for removal of excess forage in July for stockpiling bermudagrass during August and September and for removal of excess forage growth during August and September in paddocks to be interseeded to cool-season annuals in October.
In early August of each year, warm-season grasses were stockpiled using methods described by Johnson et al. (2002) . Briefly, paddocks (0.27 ha/cow in 2012 and 0.20 ha/cow in 2013 and 2014) were grazed or harvested for hay to a stubble height of 5 cm during late July to remove existing forage mass. Each year, excess forage in 1.6 ± 0.18 ha of each MR pasture and 0.4 ± 0.18 ha of each HR pasture were harvested as hay. The excess forage was cut with a disc mower (model GMD 700 HD; Kuhn North America Inc., Vernon, NY) and baled into 1.2 by 1.7 m round packages (John Deere 466; John Deere Tractor Works, Moline, IL) with an average weight of 400 kg. In early August, 56 kg N/ha was applied as ammonium nitrate and forage was allowed to accumulate until used by strip grazing later in the fall. Stockpiled bermudagrass was strip grazed by allocation of a new strip using a single strand of temporary electrified fencing 3 d/wk. The dimensions of the strip allocated each time were determined by estimation of forage DM mass and DM requirements for the grazing period for the number of cows in each pasture with a 75% grazing use. During the stockpile accumulation period, the cows were maintained on the remaining paddocks until forage mass became limiting and strip grazing of stockpiled bermudagrass was initiated.
When cows began grazing the stockpiled bermudagrass in November, cool-season annual grasses were interseeded into bermudagrass sod (0.27 ha/cow in 2012 and 0.20 ha/cow in 2013 and 2014). Cool-season annuals were interseeded using methods described by Beck et al. (2011) . Pastures were interseeded via no-till drill to a mixture of wheat (112 kg/ha; Triticum aestivum L., variety not stated) and annual ryegrass (28 kg/ha; Lolium perenne L. subsp. multiflorum (Lam.) Husnot cv. Marshall; Wax Co. Inc., Amory, MS) in late October to early November of each year and were fertilized with 55 units/ha of actual N as ammonium nitrate in the fall and spring of each year. Before planting, the paddocks were grazed to a 5-cm stubble height, and then cool-season annual grasses were interseeded in 17-cm rows to a depth of 1 cm via no-till drill (1006NT; Great Plains Ag, Salina, KS). In 2012, because part of the pasture area in HR pastures was to be used for both stockpiling and interseeding, the interseeding of part of the 0.27-ha allocation per cow was delayed until late November when the area that had been previously stockpiled was grazed and ready for interseeding.
Animal Management
In May 2012, mature spring calving beef cows (n = 72; 557 ± 78.5 kg initial BW, BCS = 6.7 ± 0.7, and 5.2 ± 2.9 yr of age) were sorted by age and BW and allocated to groups of 6 (n = 6) or 12 (n = 3). The groups were randomly allotted to graze 4.8-ha (n = 9) warm-season grass pastures for the CG, MR, and HR pasture management systems. Cows were of predominantly English breeding (75% Angus or Hereford) with some Bos indicus and continental (Simmental) influence. Cows originally allocated to each pasture remained on pasture throughout the 4-yr experiment unless culled for reproductive failure or failure to wean a live calf. Cull cows were replaced with second parity cows of similar breeding to maintain SR among pastures. Cows from each group were exposed to an Angus or Hereford bull that had passed a breeding soundness examination for natural service during May and June. Cows calved during a 60-d period in February and March, and calves were weaned during the initial week of October each year. Pregnancy status was determined for cows via rectal palpation by an experienced veterinarian (Powell-Perry Veterinary Clinic, Hope, AR) at the time of weaning. Pregnancy percentage was calculated as the number of cows pregnant divided by the number of cows exposed to the bull times 100.
In the initial year of the experiment, cow BW and BCS (1 to 9 point scale, in which 1 = thin and 9 = obese; Richards et al., 1986) were collected (unshrunk) in May (at the initiation of the experiment and bull turn out), July (at time of bull removal), and October (at separation of calves from dams for weaning). In subsequent years, cow BW and BCS were collected in November (following weaning), January (before calving), April (following the calving season and before bull turnout), and October (at separation of calves from dams for weaning). At each weighing, cows were gathered from pastures at 0700 h, separated from calves and weighed, reunited with their calf, and returned to pastures within 5 h. Within 24 h of birth, calves were weighed to determine birth BW, navels were treated with iodine, and male calves were castrated. Calf BW were also collected (unshrunk) in April and October (weaning).
Throughout the experiment, cows had ad libitum access to shade, water, and a salt and mineral mixture designed to meet the requirements of grazing beef cows. The mineral mixture (Sunbelt Custom Mineral, LLC, Sulfur Springs, TX) contained 14% Ca and 7% P from CaCO 3 and Ca 2 PO 4 , 5% Mg from MgO, and 14% NaCl as well as vitamins (661, 
Hay Feeding
Hay used in this study was harvested from meadows near the research site and was predominantly bermudagrass, crabgrass (Digitaria ciliaris), and dallisgrass (P. dilatatum). Following harvest, 10% of the bales from each field were sampled and the hay was stored in barns segregated by quality at harvest. A subset of hay bales was individually weighed during stacking in barns to estimate average bale weight. Cows were fed low quality warm-season grass hay (9% CP and 53% TDN, DM basis) ad libitum in ring-type feeders when forage mass in CG and HR became limiting in the fall and after stockpiled bermudagrass was used in MR and HR in the winter prior to calving. The quality of the hay fed to cows during February and March was increased to 11% CP and 58% TDN due to the increased cow nutrient requirements (NRC, 1996) . Cows in MR and HR were allowed limited access to winter annual paddocks for 8 h/d for 2 to 3 d/wk during January and February as described by Gunter et al. (2002) to supplement the low quality hay or stockpiled bermudagrass. Cows in MR and HR were fed hay (after stockpiled bermudagrass was used) until the wheat and annual ryegrass reached a height of 20 cm by early March, when cows had sufficient forage available for full time grazing. Cows in CG were fed hay until volunteer annual grasses emerged in the spring and cows quit consuming hay. Hay was replaced by a new bale when 10 to 15% of the previous bale remained. The weight of bales was estimated by weighing 20 random bales each month and averaging the weight monthly during the hay feeding periods.
Forage Sampling
Forage mass in each pasture was estimated using a calibrated rising-plate meter with 20 sampling points per pasture (Michell and Large, 1983) . Calibration samples were collected by clipping all forage within a single 0.1-m 2 frame in each pasture at each sampling to 2.5-cm stubble height with hand shears. Pastures were sampled at mid month throughout the grazing season for each forage type. Bermudagrass pastures were sampled monthly beginning in May through October each year. Forage mass of stockpiled bermudagrass was sampled at the initiation of use in November and forage mass of cool-season annuals was determined monthly from December to May for MR and HR. Clipped calibration samples were dried to a constant weight under forced air at 50°C. Dry weights of these clippings were used to relate forage mass (kg DM/ha) to plate height within each pasture management system using linear regression for forage mass prediction. Forage mass prediction equations for the rising plate data were generated using the regression procedure of SAS (SAS Inst. Inc., Cary, NC) using the clipping data for each collection period. The regression of rising plate readings on clipped DM yield resulted in equations that explained 97% of variation (P < 0.01) in forage mass for bermudagrass and cool-season annuals. To estimate the nutrient composition of forage consumed by cattle, samples were collected by hand plucking, mimicking the ingestive action of animals, to approximate the herbage consumed by steers as described by Gregorini et al. (2006) . Laboratory Analysis. Forage samples collected for nutrient analysis were dried to a constant weight at 50°C in a forced-air oven and ground to pass a 2-mm screen (Thomas A. Wiley Laboratory Mill, model 4; Thomas Scientific, Swedesboro, NJ) for analysis using near-infrared reflectance spectroscopy (Feed and Forage Analyzer model 6500; FOSS North America, Eden Prairie, MN). The CP calibration equation had a SE of calibration (SeC) of 0.92, a SE of cross validation (SeCv) of 0.93, and R2 of 0.96. The NDF calibration equation had a SEC of 2.63, a SECV of 2.73, and R2 of 0.95. The ADF calibration equation had a SEC of 1.66, a SECV of 1.70, and R2 of 0.93. Total digestible nutrient content of the forages was calculated based on species-specific equations presented by Davis et al. (2002) that were developed using Arkansas forages.
Economic Analysis
Enterprise budgeting techniques were used with data collected during the final 3 yr of experimentation (2013, 2014, and 2015) to estimate expected values for production costs, revenue, and net return for each production system on each pasture (AAEA, 2000) . Annual land cost was set at US$45/ha based on rental rates published by the USDA National Agricultural Statistics Service (2015). Cow replacement rates were set based on the actual pregnancy percentage in each pasture plus a 3% replacement rate based on cow age. Cost of replacement females were estimated using the 5-yr average Arkansas auction market prices from 2009 to 2014 of pregnant medium-and large-frame replacement females (USDA AMS, 2016) and the BW of the cows placed on pasture.
The price of hay harvest operations, fertilizer, seed, and pesticide application cost of fertilizer and pesticide and cost of mineral are based on regional price and cost of machinery operations as described by Stiles and Griffin (2007) . Annual costs of pasture management and agronomical inputs were fertilizer and fertilizer application, which was estimated at $158/ha; wheat and annual ryegrass seed and planting, which was estimated at $124.50/ ha; and pesticide for weed control and pesticide application, which was estimated at $90/ha, and interest was 8%.
The cost of inputs for cow management was estimated to be $29/cow for mineral and health care costs of $25/cow. Bull costs were calculated based on a 25 cow-to-bull ratio, $4,500 bull purchase price, and $2,000 salvage value with annual costs of $46.25/cow exposed calculated using the Bull Expense Calculator (Whittle, 2007) . Calf death loss was assumed to be 10%. Sales price and profitability scenarios were constructed using 5-yr average October Arkansas auction market prices (2009 to 2014) of medium frame, number 1 steers and heifers and boning utility (80 to 85% lean) cows (USDA AMS, 2016).
Statistical Analysis
Forage mass and nutritive quality data, cow and calf performance, weaning weight per hectare, and net costs and returns were analyzed as a randomized complete block design using the MIXED procedure of SAS with a variance components covariance structure. Pasture within year was the experimental unit, individual cow or calf was the sampling unit, and the random block was year. Treatment and age of the dam were included as fixed effects, and year and pasture within treatment by year were included in the random statement. Models for analysis of cow performance indicators (calving date, BW, and BCS) and calf performance (BW) included cow age and pasture management system as the fixed effects and year in the random statement. Pregnancy percentage was analyzed using the GLIMMIX procedure of SAS as a binomial distribution using year as the random block. Year and pasture within treatment by year were included in the random statement. Pasture management system least squares means were separated using the predicted differences option in SAS. As per convention, statistical differences were declared with P ≤ 0.05 and tendencies were declared with P > 0.05 and ≤ 0.10.
Forage mass and forage nutritive value during the summer grazing period were analyzed as a randomized complete block design using the mixed procedure of SAS as described above. Analysis was conducted for forage collections during the early summer (May, June, and July) and late summer (August, September, and October) periods. Least squares means of forage mass and nutritive value were separated using the predicted differences option in SAS. Statistical differences were declared with P ≤ 0.05 and tendency was declared with P > 0.05 and ≤ 0.10.
ReSUlTS aND DISCUSSION

Precipitation and Average Daily Temperatures
The precipitation and average daily high and low temperatures during the experimental period are presented in Table 1 . During the period that cool-season annual grasses were grazed (January through April), precipitation was less than the historical average in 2013 and 2014 (74 and 73% of average, respectively) but was 152% of average in 2015. Average daily high temperatures during the January through April period were slightly less than the historical average (92, 88, and 87% of average for 2013, 2014, and 2015, respectively), but daily low temperatures were much less than the historical average (81, 34, and 79% of historical average for 2013, 2014, and 2015, respectively). In the early summer (May, June, and July), precipitation was 80% of the historical average and average daily high and low temperatures were 105 and 106% of average, respectively, in 2012. During 2013, 2014, and 2015, precipitation was 128, 98, and 154% of average, respectively, and temperatures were near historical averages. During the late summer (August, September, and October), when stockpiled bermudagrass growth was occurring, precipitation was less than the historical average in 2012 and 2015 (77 and 72%, respectively) but close to average in 2013 and 2014 (96 and 94%, respectively) whereas average daily high and low temperatures were greater than historical averages for all years during this time frame. During the late fall (November and December), when the stockpiled bermudagrass would primarily be grazed, precipitation was less than the historical average in 2012 and 2014 (49 and 73%, respectively) but was greater than average in 2013 (104%). Excess precipitation during the time period that stockpiled bermudagrass is being grazed is potentially damaging to the stockpiled bermudagrass nutritive quality because leaf shatter and loss can occur (Scarbrough et al., 2001; Johnson et al., 2002) .
Forage Mass and Nutritive Quality
The forage mass and nutrient composition for each management system during the early and late summer grazing seasons are presented in Table 2 . During the early summer, forage mass was 40% less (P ≤ 0.02) in CG (2,567 ± 393.5 kg/ha) than in MR (3,530 ± 393.5 kg/ha) and HR (3,657 ± 393.5 kg/ha), which did not differ (P = 0.71). Early summer forage nutritive composition did not differ (P ≥ 0.28) for CP (13.9 ± 1.02%, DM basis), NDF (65.9 ± 1.07%, DM basis), ADF (38.3 ± 1.93%, DM basis), or TDN (59.6 ± 2.14%, DM basis). During the late summer, forage mass (excluding area that was withheld for stockpiling) was the least (P < 0.01) for HR (2,097 ± 260.7 kg/ha) compared with MR (2,672 ± 260.7 kg/ha) and CG (3,024 ± 260.7 kg/ha), which tended to differ (P = 0.06). Forage CP during the late summer was greatest (P < 0.01) for HR (14.8 ± 1.12%, DM basis) and least (P ≤ 0.04) for MR (10.9 ± 1.12%, DM basis), and CP of CG (12.6 ± 1.12%, DM basis) was intermediate, differing (P ≤ 0.04) from both HR and MR. Forage NDF (64.7 ± 1.63%, DM basis) and ADF (35.3 ± 1.75%, DM basis) content was less (P ≤ 0.04) and TDN (63.1 ± 1.94% DM basis) greater (P ≤ 0.04) for HR than for CG and MR. Neutral detergent fiber (67.8 ± 1.63%, DM basis) and ADF (37.5 ± 1.75%, DM basis) content tended to be less (P ≤ 0.09) and TDN (60.5 ± 1.94%, DM basis) tended to be greater (P = 0.09) for CG than for MR (69.7 ± 1.63, 39.5 ± 1.75, and 58.4 ± 1.94%, DM basis, for NDF, ADF, and TDN, respectively).
The decrease in forage mass and improvement in nutritive quality (increased CP and TDN and decreased NDF and ADF) in HR compared with MR and CG in the late summer is similar to changes with increasing SR observed by Beck et al. (2016) . Also similar to the current research, Wyatt et al. (2012a) found that forage CP and in vitro digestibility were less in rotationally grazed pastures stocked at a moderate SR compared with pastures managed with continuous grazing stocked at a moderate SR or rotationally grazed pastures stocked at a high SR. The increase in forage quality with increasing SR is likely due to the reduced residual forage at the end of each grazing event and lessened maturity of the forage regrowth during subsequent grazing events. In all cases, forage CP and TDN content were inadequate to meet the requirements for a cow in peak lactation during the early summer and exceeded requirements for a cow in mid to late lactation during the late summer (NRC,1996) .
Forage mass of stockpiled bermudagrass in November did not differ (P = 0.49) between MR and HR and averaged 5,528 ± 528.4 kg/ha. This forage mass was greater than the 2,106 to 3,055 kg/ha in central Oklahoma and 3,717 to 4,546 kg/ha in eastern Oklahoma reported by Wheeler et al. (2002) and the 1,588 to 3,324 kg/ha in central and eastern Oklahoma reported by Johnson et al. (2002) . Scarbrough et al. (2001) reported that stockpiled bermudagrass at a site in northwest Arkansas yielded 10,432 kg/ha. Over the 3 yr that bermudagrass was stockpiled in the current experiment, the forage mass of stockpiled bermudagrass in November was 6,183, 5,847, and 4,500 kg/ha in 2012, 2013, and 2014, respectively. The timing and amount of the late summer precipitation has a major impact on the accumulation of forage in stockpiled bermudagrass, but in examining the precipitation in 2013 and 2014 in the current research (Table 1) , this has less to do with the precipitation during August and may be tied more to precipitation in September.
Samples of stockpiled bermudagrass collected in November were 12.5 ± 1.6% CP, 37.0 ± 2.4% ADF, 67.8 ± 1.9% NDF, and 61.2 ± 2.6% TDN, which exceeds the requirements of second to third trimester gestating cows (NRC, 1996) . In December and January, stockpiled bermudagrass was 10.5 ± 1.7% CP, 44.9 ± 1.8% ADF, 74.2 ± 1.4% NDF, and 52.4 ± 1.9% TDN and 11.2 ± 1.0% CP, 46.3 ± 1.5% ADF, 76.5 ± 1.4% NDF, and 50.9 ± 1.6% TDN, respectively, which is adequate in CP but deficient in energy content for the third trimester cows in the current experiment (NRC, 1996) . In February, stockpiled bermudagrass was 11.0 ± 1.0% CP, 45.1 ± 1.1% ADF, 74.2 ± 1.9% NDF, and 52.4 ± 1.9% TDN and was inadequate in energy content for the early lactation cows at this time (NRC, 1996) . The CP, ADF, and NDF content of the stockpiled bermudagrass in the current experiment are similar to the forage nutritive quality reported by Scarbrough et al. (2001) , who found reductions in CP and increases in ADF and NDF from October to December but less change in nutrient profile from December to January. Wheeler et al. (2002) found that cows grazing stockpiled bermudagrass did not respond to supplementation dur- ing the early winter but that supplementation during the late winter increased the use of stockpiled bermudagrass through increased OM intake and digestibility. Cool-season annual forages averaged 1,788 ± 668.3 kg/ha during the winter and 2,116 ± 368.3 kg/ha during the spring for MR and HR, which did not differ (P ≥ 0.21). The cool-season annuals averaged (DM basis) 25.0 ± 2.1% CP, 29.2 ± 2.8% ADF, 48.6 ± 3.7% NDF, and 69.8 ± 3.2% TDN during the spring. The composition of the cool-season annual pastures in the current experiment is similar to that reported in an overview of 6 experiments by Beck et al. (2013) and was able to provide supplemental nutrients to cows during the critical calving and early lactation periods in the late winter and early spring. Cows in MR pastures were fed very little hay during the first 2 yr of the experiment and were maintained primarily on strip-grazed stockpiled bermudagrass, whereas cows in HR grazed stockpiled bermudagrass much later into the winter than was the original intent. The low CP and digestibility of the stockpiled bermudagrass in January and February (and in some cases into March) was supplemented by limit-grazing cool-season annuals 8 h/d for 2 to 3 d/wk, as described by Gunter et al. (2002 Gunter et al. ( , 2003 . Gunter et al. (2002) reported that cows limit-grazing cool-season annual grasses had similar or greater BCS compared with cows fed hay and a concentrate supplement, resulting in a 14% reduction in hay DMI.
Hay Production and Feeding
The hay production and hay feeding data for each pasture management system is presented in Table 3 . The MR pastures produced 8.6 ± 1.70 round bales/ha from 1.6 ha and the HR pastures averaged 6.2 ± 1.70 round bales/ha from 0.4 ha. The annual total excess forage harvested from MR averaged 5,500 kg/pasture and the total excess forage harvested from HR averaged 990 kg/ pasture. The hay harvested per hectare in these systems and the decrease in hay harvested with increasing SR agrees with observations by Wyatt et al. (2012a) , who reported that hay and round bale silage harvested from pastures rotationally stocked at 0.8 ha/cow was 5 times greater than hay and round bale silage harvested from pastures rotationally stocked at 0.36 ha/cow. The net value of hay produced per hectare for the entire system was greater (P < 0.01) for MR ($52.90 ± 25.73/ha) than for HR ($15.54 ± 25.73/ha). In agreement with the current experiment, Lomas et al. (2000) reported that hay production from excess forage was increased by 79% in pastures managed with rotational grazing compared with pastures managed with continuous grazing.
During the fall and winter 2012 to 2013, hay was fed in the CG pastures from 14 December until 7 February, 1 March, or 14 March (55 to 90 d), depending on the level of volunteer annual ryegrass and other grassy annual weeds in the pastures. Hay was fed in the HR pastures from late August or early September until mid October, and 2 pastures were fed hay from early to mid March, for a total of 39 to 46 d. During the fall and winter of 2013 to 2014, hay was fed in CG pastures for 109 d from 9 January to 28 April and fed in HR pastures and 1 MR pasture from late September to mid October and from 6 to 17 February (29 d total). In the fall and winter 2014 to 2015, hay was fed to CG from 8 December to 24 April (137 d) and to HR and MR from late December, early January, or early February until 8 March (27 to 65 d).
Cows in the CG system (107 ± 10.9 d) were fed hay for 70 d longer (P < 0.01) during the winter than cows in the HR system (37 ± 10.9 d), which were fed hay 22 d longer (P < 0.01) than cows in the MR system (15 ± 10.9 d). Furthermore, cows in the CG system (1,540 ± 732 kg/cow) were fed over 3 times more (P < 0.01) hay per cow than cows in the HR system (445 ± 732 kg/cow) and over 5 times more (P < 0.01) hay per cow than cows in the MR system (291 ± 732 kg/cow). A considerable amount of the hay feeding in the HR system occurred during the autumn (late September to early October; data not shown) while the bermudagrass stockpile was accumulating growth and cool-season annuals were being interseeded. The feeding of hay during this time frame has advantages due to the reduced rainfall at this time compared with feeding hay during the late winter and early spring (Table 1) . Feeding hay in the drier time of year to accumulate forage to use later in the year resulted in less rutting of pastures by hay feeding equipment.
The cost of hay fed to cows in CG ($125.09 ± 26.98/cow) was greater (P < 0.01) than that of cows in MR (23.66 ± 26.98/cow) or HR ($36.13 ± 26.98/cow), which did not differ (P = 0.44). Wyatt et al. (2012a) reported that hay feeding days increased in 1 yr for cows a-c Least squares means with differing superscripts differ (P ≤ 0.05).
1 CG = low intensity management with continuous grazing at a moderate stocking rate (SR; 0.8 ha/cow); MR = intensive management at a moderate SR (0.8 ha/cow); HR = intensive management with high SR (0.4 ha/cow).
2 Hay produced/hectare harvested (1.6 ± 0.18 ha in MR and 0.4 ± 0.18 ha in HR).
3 Net value of hay produced per system hectare.
managed with continuous grazing compared with cows managed at the same SR with rotational grazing and that as SR increased for cows managed with rotational grazing, hay feeding days concomitantly increased.
Cow and Calf Performance
The effect of pasture management system on cow BW, BCS, and pregnancy rate across the 4 yr of the experiment are presented in Table 4 . Cow BW at the start of each annual production cycle in November and again in January was lighter (P < 0.01) in HR than in CG and MR. In May, BW of cows in MR tended (P = 0.09) to be 23 kg greater than that of cows in CG, whereas BW of cows in HR did not differ (P ≥ 0.15) from that of cows in either CG or MR. Cow BW (P = 0.71) and BCS (P = 0.28) in July did not differ due to pasture management, but at weaning in October, BW of cows in HR was 5% less (P ≤ 0.01) than that of cows in CG and MR, which did not differ (P = 0.34).
Cow BCS (Table 4) did not differ (P = 0.35) among pasture management systems in November but tended (P = 0.09) to be 0.3 units greater in CG and MR than in HR during January. Cow BCS at calving or in May, July, or October did not differ (P ≥ 0.23) among pasture management systems. Pregnancy rate (Table 4) determined at weaning did not differ by pasture management system (P = 0.20). Although there is a lack of statistical power in the analysis of the pregnancy data due to limited replication, the observed reduction in cow BCS in HR during the fall and winter were not reflected during calving or during the breeding season (Table 4) . Cow BCS were above the BCS that would impact reproductive performance of the cows (Selk et al., 1988) , and therefore, cow BCS was not likely a factor in reproductive success among pasture management system. Similar to the current research, Beck et al. (2016) reported that pregnancy rates were not affected by increasing SR of cows from 1 to 2.5 cows/ha even though BCS were reduced by 0.36 units for each 1 cow/ha increase in SR.
The effect of pasture management system on calf performance is presented in Table 5 . Calf BW at birth or in May and July did not differ (P ≥ 0.19) among management systems. At weaning in October, calves in HR were 18 kg lighter (P < 0.01) in BW than calves in CG and were numerically (P = 0.14) 8 kg less in BW than calves in MR. Calves in MR tended (P = 0.09) to be 10 kg less at weaning than calves in CG. Even though calf weaning BW were the least for HR, BW weaned per hectare was 89% greater (P < 0.01) for HR compared with CG and MR, which did not differ (P = 0.31).
The reduction in cow BW and calf performance with increased SR was expected, as reduced animal performance is a common response to increased SR in a variety of environments (Bagley et al., 1987; Gillen and Sims, 2002; Wyatt et al., 2012b Wyatt et al., , 2013b Beck et al., 2016) . Similar to the results of the current research, increasing SR has been shown to lead to increased calf BW weaned per hectare (Bagley et al., 1987; Gillen and Sims, 2002; Wyatt et al., 2012b Wyatt et al., , 2013b Beck et al., 2016) . Bagley et al. (1987) reported that weaning weight per hectare increased 22% when SR increased from 2.9 to 3.8 cows/ha, even though BW weaned per cow decreased by 12 kg. Increasing SR from 1.25 to 2.75 cows/ ha in pastures managed with continuous grazing (Wyatt et al., 2012b) decreased individual calf weaning BW but increased total BW weaned per hectare.
The tendency for reduced calf BW at weaning for MR compared with CG is similar to observations by Wyatt et al. (2012b) , who observed a 9-kg decrease in weaning 1 CG = low intensity management with continuous grazing at a moderate stocking rate (SR; 0.8 ha/cow); MR = intensive management at a moderate SR (0.8 ha/cow); HR = intensive management with high SR (0.4 ha/cow). BW in rotationally stocked cows compared with continuously stocked cows at the same SR. Wyatt et al. (2013b) also reported a numerical reduction in weaning BW of 22 kg with rotational grazing compared with continuous grazing at the same SR. Chestnut et al. (1992) , Hoveland et al. (1997) , and Lomas et al. (2000) found no differences in calf BW at weaning between continuous and rotational grazing, although Hoveland et al. (1997) found persistence of endophyte-free tall fescue and SR were improved so BW weaned per hectare increased by 37%.
Economics
The effects of pasture management system on total costs and net returns above specified costs to land, labor, and management on a per-cow and per-hectare basis are presented in Fig. 1 . Total cost per cow decreased (P < 0.01) in HR ($413 ± 27.2/cow) compared with CG ($595 ± 27.2/cow) and MR ($560 ± 27.2/cow). This was because total costs were spread over more units of production with the increased SR in HR compared with CG and MR. Total cost per cow in MR also tended (P = 0.08) to be $35/cow less than that in CG, which is related to reduced hay feeding and the value of excess forage harvested as hay. Total cost per hectare was increased (P < 0.01) for HR ($1,019 ± 14.3/ha) compared with CG ($733 ± 14.3/ ha) and MR ($691 ± 14.3/ha), and total cost per hectare of MR tended (P = 0.10) to be less than that of CG. On a percow basis, net returns were not affected (P = 0.13) by pasture management system but were numerically greater for HR ($415 ± 44.7/cow) than for MR ($388 ± 44.7/cow), which were numerically greater than for CG ($349 ± 44.7/ cow). Net return per hectare of HR ($1,025 ± 63.0/ha) was greater (P < 0.01) than that of MR ($479 ± 63.0/ha), which was numerically greater than that of CG ($429 ± 63.0/ha). The relationship between costs on a per-hectare and per-cow basis to the increased SR of HR in the current experiment are similar to those reported by Beck et al. (2016) , who reported that as SR increased, total cost per hectare increased but total cost per cow decreased. Beck et al. (2016) likewise found that as SR increased, net return per hectare increased, but in contrast to the current research, net return per cow also increased with increasing SR. Wyatt et al. (2013a) found that labor costs per cow decreased with increasing SR, along with increasing total sales revenue and return over total expenses.
In conclusion, increasing management intensity of cow-calf production in MR decreased stored forage requirements and increased forage availability during the summer compared with CG. The excess forage could be harvested for hay, as in the current experiment, or, in an actual production system, may be used for alternative livestock enterprises with greater potential profitability, such as development of replacement heifers or grazing stocker calves. Even with the added costs of stockpiling bermudagrass and interseeding complementary cool-season annual grasses, net returns of MR were comparable to those of CG. The MR production system could result in lower capital expenses (including reduced need for equipment and barns for hay storage), compared with CG, that were not included in this economic analysis that may further improve margins of MR. Finally, increased management intensity allowed SR to double in HR, decreasing costs per cow and increasing net return per hectare while reducing needs for stored forages compared with CG. lITeRaTURe CITeD Figure 1 . Effect of pasture management system of a spring calving cow-calf enterprise on total costs and net returns to land, labor, and management on a per-cow basis (A) and a per-hectare basis (B). Pasture management systems were low intensity management with continuous grazing at a moderate stocking rate (SR; 0.8 ha/cow; CG), intensive management at a moderate SR (0.8 ha/cow; MR), and intensive management with high SR (0.4 ha/cow; HR). a,b Columns with differing letters differ (P ≤ 0.05).
